Background: Metabolic syndrome (MetS) is one of the main reasons for elevated cardiovascular morbidity and mortality worldwide. Obese and overweight individuals are at high risk of developing these chronic diseases. The aim of this study was to characterize and establish sex-adjusted prevalence of metabolic syndrome and its components.
III) recognized that the multiple components of the syndrome were cardiovascular risk factors and renamed the combination of these risk factors "The Metabolic Syndrome" [4] . The criteria The International Diabetic Federation (IDF) realized a defect in all the previous definition represented in the absence of ethnicity-specific cutoffs. This led to the production of a new definition for MetS in 2005 by the IDF, which addressed ethnic-specific values for waist measures, with straightforward, clinically useful diagnostic criteria [5] .
Although experts are still facing the challenge of determining the cause of MetS, central obesity and insulin resistance are considered significant factors [7, 8] . This role led many researchers to conduct several studies to determine the prevalence of MetS among overweight and obese individuals [9] . Diabetes, overweight, and obesity had reached an alarming rate among Palestinians in the West Bank and Gaza [10] [11] [12] . The results vary depending on gender [13] or geographical and socio demographic factors [11] . According to the Palestinian Ministry of Health (MOH) annual reports in 2015, cardiovascular diseases were the leading cause of death and diabetes mellitus was the 4th cause of death among Palestinians [14] . The clinical significance of MetS is related to its impact on cardiovascular morbidity and mortality [15] which estimated to be about threefold more than those without the syndrome [15] and obese and overweight individuals in this population are at high risk for developing these chronic diseases [16] .
A substantial body of literature had also demonstrated that living in socioeconomically disadvantaged areas is associated with an increased prevalence or incidence of MetS components [17] . Chronic psychological stress could be a major contributor to developing cardiovascular diseases, obesity, and ultimately the metabolic syndrome [18] [19] [20] [21] [22] [23] . Palestinian refugees were displaced from the Palestinian area after the war 1948 to other Palestinian areas and have lived in camps in the West Bank (19 camps) and Gaza (8 camps) since 1949. They suffer from common daily life stressors such as high unemployment rate, low income, high poverty, poor infrastructure, and high population density [24, 25] . National studies had indicated that overweight and obesity had reached alarming rate among Palestinian refugees especially among women [10, 11] and therefore, they are at high risk of developing metabolic syndrome. As overweight, obesity, and their related diseases are largely preventable [26] , a comprehensive understanding of MetS in adults' population may be important for the specific direction of prevention strategies. Few studies had been conducted to establish the prevalence of MetS among overweight and obese adults in the West Bank and Gaza using IDF and NCEP criteria [27] . This research is a part of ongoing research that aim to establish the prevalence of MetS and to characterize its associated factors in overweight and obese Palestinians in different age groups living in different geographical areas and using both IDF and NCEP definitions. Therefore, this study specifically aimed to establish the prevalence of MetS in obese and overweight adults (18-65 year old) living in three refugee camps in Nablus, West Bank-Palestine using both the NCEP/ATP III and IDF definitions; and to characterize MetS components among them.
Methods

Study design and setting
A cross-sectional study was conducted in June 2015 in Nablus Districts in three refugee camps (Balata, Asker, and Al-Ein) in the north of Palestine. The study was conducted in United Nations Relief and Works Agency (UNRWA) clinics located in Nablus Governorate camps (Balata, Asker, and Al-Ein). Balata Camp is the largest refugee camp in northern West Bank (27,414 inhabitants) followed by Asker (19,408 inhabitants). Al-Ein camp is the smallest of the camps in Nablus and it has a population of 7903 inhabitants. Refugee camps were considered to participate if they have been residents of a specific camp for more than 6 months. Participants, who agreed to participate in the research and signed a consent form, were interviewed to answer the questionnaire questions [28] for personal, demographic, lifestyle, family history, and socioeconomic questions. The participant who presented with overweight and obesity (BMI ≥ 25) were invited to give blood samples. The following laboratory tests were carried out on peripheral blood: High-density lipoprotein (HDL), triglycerides, and fasting blood glucose. Candidates included in the study should be residents of Nablus city camps (Balata, Asker and Al-Ein) for at least the last 6 months, aged between 18 and 65 years, and do not meet the exclusion criteria. Subjects were excluded from the study if they had any of the following medical conditions: hypo-or hyperthyroidism, Cushing syndrome, epilepsy, was taking regular medications other than anti-diabetic or antihyperlipidemia medications or refused to give a blood sample, who participated in the pilot study, and pregnant.
Sampling
Based on the United Nations Relief and Works Agency (UNRWA), there were 54,727 residents in the three refugee camps in Nablus District (50% from Balata, 35% from Asker and 15% from Al-Ein). The percentage of adults was 59.2%, (50.9% males, and 49.1% females). There were 32,398 adults in the three camps. A stratified proportional sampling technique was used to select the subjects (people who met the inclusion criteria) from each camp (50% from Balata, 35% from Asker and 15% from Al-Ein). In the first stage, the population was divided to the three camps. The required sample size was 190 from Balata, 133 from Asker, and 57 from Al Ein. In the second stage, apparently, healthy adults who met the inclusion criteria were chosen from attendees of all UNRWA clinics in the three camps during 30 working days, 7 h/day. Every 3rd apparently healthy attendee was invited to participate in each camp. The response rate was 91%. A total of 689; 329 men and 360 women, Balata Camp (n = 372; 194 men and 178 women), Asker Camp (n = 203; 79 men and 124 women), Al Ein Camp (n = 114; 56 men and 58 women) had met the inclusion criteria and signed informed consent. They were interviewed to answer the questionnaire questions [28] for personal, demographic, lifestyle, family history, and socioeconomic questions. The participants who presented with overweight and obesity (435) were invited to give blood samples and 363 had accepted the invitation. The following laboratory tests were carried out on peripheral blood: HDL, triglycerides, and fasting blood glucose for 363 final participants.
Diagnostic criteria
The NCEP/ATP III proposed that the individual must have at least three of the following cardiovascular risk factors: Fasting blood glucose > 110 mg/dL, blood pressure ≥ 130/85 mmHg, triglycerides ≥ 150 mg/dL, low HDL cholesterol (HDL-C) (men < 40 mg/dL, women < 50 mg/ dL), waist circumference ≥ 102 cm in men or ≥ 88 cm in women [4] . To be diagnosed with MetS according to IDF criterion, the individual must have: Central obesity (defined as waist circumference ≥ 94 cm in men, ≥ 80 cm in women for Europid and respectively with ethnicity specific values for other groups) and at least two of the following: Raised fasting plasma glucose (FPG) ≥ 100 mg/ dL or previously diagnosed type 2 diabetes, raised blood pressure: systolic BP ≥ 130 or diastolic BP ≥ 85 mm Hg, or treatment of previously diagnosed hypertension, raised triglycerides: ≥ 150 mg/dL or specific treatment for this lipid abnormality, reduced HDL cholesterol: < 40 mg/dL in men and < 50 mg/dL in women, or specific treatment for this lipid abnormality [5] .
Anthropometrics, blood pressure measurements, and biochemical analysis Weight and height, for all participants (N = 689), were measured with the participant dressing light clothes and no shoes. The weight was reported to the nearest 0.1 kg and the height to the nearest 0.1 cm. Waist circumference was measured midway between the inferior margin of the thoracic cage and superior border of iliac crest during minimal inspiration. Any participant who had WC ≥ 102 for men and WC ≥ 88 for women according to NCEP/ATP III or WC ≥ 94 for men and WC ≥ 80 for women according to IDF was considered to have high WC. Body mass index (BMI) was calculated. After a good time of rest, blood pressure measurements were taken twice, 5 min apart, with the participant seated and the arm at the level of the heart, using standardized mercury sphygmomanometer (TXJ-10, China, and measures to the nearest 1 mmHg) with appropriate cuff size. The average of the two readings was used to record individual's systolic and diastolic blood pressures. Participants who agreed to participate in the study and who were found to be obese or overweight (BMI ≥ 25) were asked if they were fasting-as the study was conducted in Ramadan-and insured that participants fasted for 8-12 h. Blood samples were collected and analysed for blood sugar, triglycerides, and HDL using "Roche Chemistry Analyser Cobas C 501, using alfa test kits (Alfa Wassermann B.V. Netherland)".
Measurement tools accuracy and precision assessment
Accuracy and precision of both anthropometric tools and the questionnaire were assessed; measuring tapes, the scale (EB9872, China, and measures to the nearest 0.1 kg). Interviews were conducted to avoid possible language and literacy issues. Researchers were trained for the interview process and a sample of 60 participants, 30 males and 30 women from the URWA clinics, was chosen for the pilot study.
Data analysis
Statistical Product and Service Solutions (SPSS) (version 22, IBM Corporation) was used for data entry and analysis. Characteristics were described using means, standard deviations, and percentages wherever appropriate. The Pearson Chi square was used to compare the categorical variables. A p value of less than or equal 0.05 was considered statistically significant.
Ethics
The study was carried out in accordance with the ethical standards, Declarations of Helsinki. Approval was obtained from Institutional Review Board "IRB" at An-Najah National University in Palestine prior to the research conduction. Approval of the director of UNRWA office in Nablus was taking prior to research conduction. All study participants were freely accepted to join the study and they provided a signed consent form. To insure privacy, interviews were carried out in private rooms. All participants were assured that all data collected will be confidential (using codes instead of names) and available for the research team only. It was explained to the participants that they had the right to withdraw from the research anytime. The questionnaire used in this study was obtained from Sirdah et al. research after obtaining permission from the author [28] .
Results
General characteristics of study participants
In the first stage, 689; 329 men and 360 women, who met the inclusion criteria had participated, (50% from Balata Camp (n = 372; 194 men and 178 women), 35% from Asker Camp (n = 203; 79 men and 124 women), and 15% from Al Ein Camp (n = 114; 56 men and 58 men). The age distribution of the participants was as the following: 31% (n = 216) of study, participants were from age group (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , 22% (n = 159) from age group (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) , 23% (n = 148) from age group (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) , and 24% (n = 166) from age group (51-65) (Additional file 1).
Sex-specific body mass index for all Participants (Stage 1)
The overall prevalence of obesity and overweight was (63.1; 58.1% in men and 67.8% in women). Obesity was more prevalent in women (42%) than men (29.2%) and overweight was more prevalent in men (28.9%) than women (25.8%). Both were statistically insignificant ( 
Prevalence of metabolic syndrome based on age -groups
Despite the definition used, the the prevalence of metabolic syndrome had increased by increasing age (Additional file 1) with significant increase between age groups when NCEP definition is applied (p < 0.0001). The prevalence ranged from 26.3% in age group 18-30 to 75.9 in the age group 51-65 according to NCEP criteria. When IDF criterion is applied, the prevalence had slightly increased with increasing age group (p = 0.37) and ranged from 61.4% in age group 18-30 to 69.4% in age group 51-65 years. 
Clustering of MetS components and sex-specific differences in metabolic abnormalities
Most of the obese and overweight participants have increased central obesity (81.3%) according to IDF criterion (Table 4 ). The majority of women (n = 184, 88.9%) had increased central obesity compared to men (n = 111, 71.2%) (p < 0.0002). Moreover, women with central obesity had shown increased (53.6%) clustering of metabolic abnormalities (2-3 components) compared to men (41.7%). Participants had shown variation in clustering of the MetS components based on gender when NCEP definition is applied (Fig. 1) . The majority of the participants (52.1%) have three or more components and only 4.7% lack all components of MetS. Sex-specific prevalence of metabolic abnormalities in obese and overweight participants according to NCEP/ ATP III and IDF citeria is shown in Table 5 . Reduced HDL was the most prevalent abnormality in both men (64.1%) and women (67.1%). Moreover, high triglyceride was the least prevalent component in both men (35.9%) and women (28.5%). According to both criteria, women with central obesity were significantly more than men (p < 0.0002). Women with elevated blood glucose were significantly more than men according to IDF (p = 0.028) but not to the NCEP (p = 0.26). No statistical differences between men and women in all other abnormalities had been determined. Anthropometrics and biochemical characteristics of obese and overweight participants according to NCEP/ATPIII and IDF are shown in Additional file 2. There were significant differences in all anthropometrics and biochemical characteristics between participants with and without metabolic syndrome when NCEP/ATPIII criterion is applied (p < 0.001) in contrast to the IDF criterion that had only demonstrated significant difference in systolic blood pressure in women (p = 0.037).
Socio-demographic factors and the prevalence of metabolic syndrome
Residency distribution for MetS using both IDF and NCEP is shown in Additional file 3. In general, there were no significant differences in overweight and obesity among refugees in the three camps but gender specific differences were observed. Overweight and obesity was significantly different in the three refugee camps among men but not women (p value 0.002) while increased WC was significantly different between the three camps among women (p value 0.02). The difference in the 
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Females Fig. 1 Clustering of the metabolic syndrome components in obese and overweight participants according to NCEP/ATP III criteria. The majority of (52.1%) have three or more components and only 4.7% lack all components of MetS. Sex-specific metabolic abnormalities in obese and overweight when the NCEP/ATP III criterion is applied had shown also variations in clustering MetS components Page 6 of 11 Damiri et al. Diabetol Metab Syndr (2018) 10:34 prevalence of MetS among the three camps was significant according the IDF (p value 0.000) but not according to NCEP (p value 0.29) criteria. In contrast to IDF that had demonstrated significant differences between those with metabolic syndrome and those without in geographic locality (p < 0.001) and marital status (p = 0.03), no differences had been demonstrated when the NCEP/ ATPIII was applied (p > 0.05) ( Table 6 ). The components of MetS varied also significantly depending geographical locality except for elevated triglyceride.
The prevalence of MetS according to different aspects of lifestyle using both criteria (NCEPT/ATPIII & IDF) is shown in Tables 7 and 8 ; respectively. No significant differences were found between participants with MetS and those without in relation to smoking, walking at least 1 h per day, practicing other additional sports, watching TV and/or setting on computer more than 4 h daily or family history of cardiovascular diseases, including hypertension (HTN), or diabetes (DM) (p > 0.05), when IDF criteria is applied. Similar results were found when applying the NCEP/ATP III criteria except for walking for more than 1 h daily OR: 0.53 (CI 0.35-0.81). The low cut off values for the IDF could explain the significant.
Discussion
The high prevalence of metabolic syndrome among people has challenged the medical community not to treat but to better identify people at risk. A comprehensive understanding of MetS in adults' population may be important for the specific direction of prevention Damiri et al. Diabetol Metab Syndr (2018) 10:34 strategies. Cardiovascular diseases (CVD) are the leading cause of death and diabetes mellitus is the fourth cause of death among Palestinians in 2015 according to MOH [14] . The results of this study indicated that obese and overweight Palestinian refugee camps in the West Bank are at high risk for developing these diseases and this highlights the need for taking actions in order to treat these individuals and prevent the rest from developing the syndrome.
Obesity and insulin resistant are the principal causative factors in the development of MetS [7, 29] . The findings of this study had indicated that most of adult Palestinian refugees in Nablus have high central obesity according to IDF definition (81.3%) and NCEP definition (56.5%). Moreover, the overall overweight and obesity had reached alarming rate (63%) in this group (27.3% overweight and 35.7% obese) and significantly higher in women (67.8%) than men (58.1%). The majority of women (88.9%) had also increased central obesity compared to men (71.2%) and had shown significant increased (53.6%) clustering of metabolic abnormalities compared to men (41.7%). The prevalence of obesity, diabetes, and other cardiovascular risk factors was high, with central obesity and increased fast blood sugar being significantly higher in women and thus, putting them at greater risk for early mortality. These results agree with previous studies [11, 28, 30] , and therefore, national health awareness and preventive programs should be established in order to decrease obesity and its associated diseases among refugees in Palestine especially among women.
The prevalence of MetS could vary according to age, gender, health status, and geographical location. Several studies had been conducted in the West Bank and Gaza in order to determine the prevalence of MetS and characterize its associated factors [13, 27, 28, [30] [31] [32] [33] [34] . Comparison between reported values is difficult as the prevalence varies widely according to different characteristics of populations and the criteria used by different investigators. The prevalence was established to be 17% among Palestinians in the West Bank [31] and 33.6% among Palestinians of East Jerusalem [30] , 39.5% among Palestinians in Gaza Strip according to IDF and 23% according to NCEP [28, 33] . The prevalence was higher in non-healthy participants; 59.5% among clinic patients in Gaza Strip [34] using NCEP definition and 43.6% in patients with Schizophrenia in the West Bank [32] . A population prevalence was estimated to be 37% among Palestinian adults [13] . All these studies had demonstrated positive association between obesity and metabolic syndrome. To the authors' best knowledge, there are few studies on MetS among people at higher risk; overweight and obese Palestinians [27] . Despite the definition used for metabolic syndrome in this study, the prevalence of MetS among overweight and obese adults in three refugee camps in Palestine was high; 52.1, and 69.4% using NCEP/ATP III and IDF criteria; respectively and had increased by increasing age and obesity. In comparison with the local studies, the high prevalence of obesity and overweight in this study may somewhat predict the high prevalence of metabolic syndrome in this population because obese individuals have a higher chance to develop the other components of MetS [35] . With increasing obesity, the prevalence of MetS increased using both criteria. According to NCEP definition, the prevalence of MetS had increased significantly from 25.2% among overweight participants to 62% among obese type 1-80% among obese type 2. In comparison with international studies, our results had reported higher frequencies of MetS among overweight and obese adult men and women than in the United States and seven European countries using NCEP/ATP III criteria. They found that the overall prevalence of MetS was 39% among obese and overweight groups [36] . Data from ten large cohort studies in seven European countries showed that the age-standardized percentage of obese participants with MetS ranged in women from 24 to 65%, and in men from 43 to 78% [9] . These high values should increase the attention of the health professionals, the media, and educational campaigns about the risks of obesity, especially central obesity, in developing coronary diseases and type 2 diabetes. The most prevalent component of MetS among study participants was low HDL cholesterol (65.8%) followed by central obesity and elevated blood sugar (56.5, 56.0%; respectively) according to NCEP/ATP III criteria. It is known that low levels of HDL could be explained by the presence of secondary causes of low HDL, which are obesity [37] , physical inactivity [38] and smoking [39] and associated with increased risk of coronary artery disease (CAD) [40] . Therefore, it is essential to increase the awareness in the population about methods of raising the concentration of HDL like weight loss, aerobic exercise, smoking cessation, and pharmacologic management with niacin and fibrates [41] .
The differences in the prevalence of metabolic syndrome could be explained by genetic, lifestyle, and environmental factors. It was demonstrated that MetS strongly increases with age for both men and women [42, 43] . Similar to other studies, Our results had indicated that the prevalence of MetS increases with increasing age with 2.9 fold increase in the prevalence from age group 18-30 to age group 51-65 when the NCEP/ATP III criteria was implemented. This age related increase in the MetS prevalence highlights the vital role of raising awareness towards conducting screening at an early age. Similar trend was observed in different studies [3, 28, 44] .
Several studies have shown strong associations between lifestyle and components of MetS, but most of these associations are still controversial [45] [46] [47] [48] [49] [50] [51] . Other lifestyle interventional studies have concluded that lifestyle modification is effective in improving MetS components [52] . As known, physical activity (PA) reduces risk factors related to metabolic syndrome and living in socioeconomically disadvantaged areas is associated with an increased prevalence or incidence of MetS components [53] . In this study, the prevalence of metabolic syndrome was significantly lower in participants who walk daily more than 1 h according to NCEP/ATP III criteria and they are 53% less likely to have MetS compared to participants with MetS. A concomitant finding was present in a study performed in Gaza Strip that also revealed a significant inverse relationship between walking and MetS prevalence [28] . The same inverse association between physical activity and MetS was found in other studies [47, [54] [55] [56] . This relationship could be explained by the role of physical activity in weight reduction which is a major component of MetS and thus could alter other components in an individual [47] . Adopting and promoting physical fitness programs by the Ministry of Health (MOH) could provide an effective primary prevention mean to reduce the prevalence of MetS, and thus reducing disastrous consequences of this syndrome such as strokes and heart attacks. Low levels of walking increase the likelihood of having MetS in both white and non-white older adults. The prevalence of metabolic syndrome was also compared with other lifestyle aspects including smoking, other type of sports, and sitting daily for more than 4 h on TV or computer or family history of cardiovascular diseases, including hypertension, or diabetes. Similar to other local studies [27, 28] no significant association was found between these aspects and the prevalence of metabolic syndrome when both NCEP/ATP III and IDF criteria were applied.
Chronic psychological stress, obesity, could be a major contributor to developing cardiovascular diseases and ultimately the metabolic syndrome [18] [19] [20] [21] [22] [23] . The results of a previous study had indicated that the prevalence of MetS might be affected by different geographical areas in Palestine [13] . Another study had indicated that no worthy association was found between the geographical locality (city or refugee camp) and the prevalence of MetS among adult Palestinians in Gaza Strip [28] . Factors could explain the differences include different location, lifestyles, socioeconomic status, and chronic psychological stress. In general, most of the refugee camps in Palestine suffer from the same life stressors and have similar life style. Although we expected no differences between the three camps, our studies had demonstrated differences in the three camps in terms of MetS components and the prevalence of MetS according to IDF definition. Further investigation is recommended in order to determine these differences between the different locations.
To date, no uniform definition has been established to diagnose MetS among adults and more studies are recommended for each ethnicity. The diagnosing criteria for metabolic syndrome have been the subject of intense debate with such groups as the WHO, NCEP ATP III, IDF. In this study, the overall prevalence of MetS was significantly higher when IDF (69.4%) definition was applied than the NCEP (52.1%) with no significant differences between men and women using both criteria. Different studies had demonstrated that the IDF definition provided significantly higher prevalence of MetS among adult Palestinian than NCEP definition. The overall prevalence of MetS was also significantly higher using IDF definition than NCEP definition among adult Palestinians [33] . Moreover, ameta analysis was conducted for 8 Palestinian studies demonstrated that the IDF's definition provided significantly higher prevalence (mean = 43.7%) of MetS in Palestinian adults compared to NCEP/ATP III's definition (mean = 37.27%) and WHO's definition (mean = 17%) [13] . The higher prevalence with the IDF compared to NCEP/ATP III can be explained by the higher cutoff values used in NCEP/ATP III, and the lower cutoff values of waist circumference as a prerequisite for the diagnosis using IDF criterion and for the elevated fast blood sugar [57, 58] . Although insufficient data about waist circumferences cutoff points have prevented region-specific definitions to be established for the Arabian population (IDF, 2006) , IDF definition could be better than NCEP/ATP III for diagnosing MetS among Palestinian adults [33] , however, follow up of people with MetS is indicated in order to identify which definition is a better predictor for CVD and DM.
Conclusion
In this study and irrespective of the definition used, metabolic syndrome is highly prevalent in obese and overweight Palestinian adults with no gender-based differences. With the increase of age and obesity, the clustering of metabolic syndrome components was remarkably increased. This he high prevalence of MetS and its associated factors in adults live in refugee camps in Nablus city calls for an immediate intervention, given the fact that those adults are at risk of developing chronic diseases. Attention should be made through health care providers, social media, and educational campaigns about the benefits of losing weight, healthier diets, smoking cessation and increased physical activity in reducing MetS and its components [59] .
